There has been conflict as to whether crude extracts of atrial natriuretic factor increase renal solute excretion by a hemodynamic mechanism or by direct inhibition of tubular transport. To investigate this issue, seven rats were studied during a euvolemic control period and following continuous administration of pure, synthetic 24 amino acid atrial natriuretic factor. A 10-25-fold increase in urinary sodium and chloride excretion occurred with a brisk kaliuresis but little bicarbonaturia. Atrial natriuretic factor caused whole kidney glomerular filtration rate to increase from 1.17±0.04 to 1.52±0.07 ml/min (P < 0.005). A parallel increase in single nephron glomerular filtration rate, from 34±1 to 44±2 nl/min (P < 0.001), and from 26±1 to 37±2 nl/min (P < 0.005) was measured at the end-proximal and early distal nephron sites, respectively. Appropriate for the higher flows were an increase in absolute proximal and loop reabsorptive rates for bicarbonate, chloride, and water, with a slight decrease in fractional solute and volume reabsorption in proximal and loop segments. To exclude the possibility that atrial natriuretic factor increased filtration rate only in anesthetized animals, eight unanesthetized rats were studied. Glomerular filtration rate increased by 45%, from 2.04±0.17 to 2.97±0.27 ml/min (P < 0.005) without significant change in renal plasma flow, as reflected by 14C-para-aminohippurate clearance (5.4±0.5-5.6±0.9 ml/min). The clearance and micropuncture data did not preclude changes in relative blood flow distribution to or in transport by deep nephron segments. In conclusion, atrial natriuretic factor appears to increase renal solute excretion predominantly by a hemodynamic mechanism without directly inhibiting superficial tubular transport.
Introduction
Within the last few years, a vasodilatory, natriuretic compound derived from granules within cardiocytes of the right atrium has been described (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . This substance has been very recently characterized as a closely related group of peptides of 21-26 amino acids (2-4) derived from a common precursor polypeptide of 152 amino acids (3, 5) . The general term atrial natriuretic factor (ANF)' has been used to describe these peptides.
The mechanism of action of this factor is controversial. Studies from one laboratory have suggested that the increase in renal solute excretion is due primarily to changes in hemodynamics, specifically an increase in glomerular filtration rate (GFR) (4, (6) (7) (8) . Other groups have suggested that the renal effect is not mediated by a change in GFR (1, 9-16) but rather by redistribution of blood flow (10) or by direct inhibition of proximal reabsorption (11), of loop reabsorption (10, 12) , or of collecting duct reabsorption (13) (14) (15) (16) . Difficulties with these studies include: (a) use of crude, unpurified extracts of the right atrium (1, 6, 7, (9) (10) (11) (12) (13) (14) (15) (16) ) that may contain contaminants with vasodilatory but not natriuretic properties (17) ; (b) use of volume contracted animals (10, 14, 15) ; (c) use of isolated renal membrane vesicles without correlation to in vivo effects ( 11); (d) use of an in vitro isolated perfused kidney preparation with impaired base-line hemodynamics (4, 6) ; and (e) unstable time controls (14) . To date, there have been no micropuncture investigations examining the renal mechanism of action of ANF using a pure peptide in animals in a euvolemic state.
The principal purpose of the present study was to elucidate the mechanism of renal action of ANF using a pure, synthetic peptide in euvolemic animals. Free-flow micropuncture techniques were used to measure single nephron GFR as well as proximal and loop2 reabsorption of bicarbonate, chloride, and water in response to ANF. Clearance studies were performed in awake animals to examine the hemodynamic response to ANF in the absence of anesthesia or major surgery.
Methods
Animals. Sprague-Dawley rats weighing 233±7 g were used for micropuncture studies (n = 7 males) or clearance studies (n = 8 females).
Protocol. Animals were prepared for micropuncture (18) (19) (20) or for clearance studies (20) as previously described. In the micropuncture experiments, animals were replenished with plasma lost consequent to the preparatory surgery ( 18, 20 
Results
The results of the micropuncture studies are shown in Table  I . Arterial hematocrit, plasma electrolyte composition, and acid-base status were stable after ANF administration and there was only a slight (3 mmHg) decline in blood pressure. Urine sodium and chloride excretion rates increased 10-25-fold and remained stable throughout the study period. The >2.5-fold increase in potassium excretion was normal for the increase in sodium excretion based on previous measurements (18) (19) (20) (21) . Bicarbonaturia was slight. ANF caused whole kidney GFR to increase from 1.17±0.04 to 1.52±0.07 ml/min (P < 0.005) with a parallel increase in single nephron GFR (SNGFR), from 34±1 to 44±2 nl/min (P < 0.001) and from 26±1 to 37±2 nl/min (P < 0.005) measured at the end-proximal and early distal nephron sites, respectively, as illustrated in Fig. 1 . There was an increase in absolute proximal total C02, chloride, and water reabsorption, with a decline in fractional reabsorption of each (Table I) . These changes in proximal solute and volume transport were appropriate for the increase in SNGFR as seen in Fig. 2 . The shaded areas in Fig. 2 represent the normal reabsorptive rates for euvolemic Sprague-Dawley rats (n = 26) with spontaneous variation of SNGFR over the range observed in the present study (20, 22) . Similarly, at the early distal micropuncture site, measurements of absolute total C02, chloride, and volume reabsorption were increased after ANF administration. Again, the slight decline in fractional solute and volume reabsorptive rates (e.g., the decrease in fractional chloride reabsorption from 0.96±0.01 to 0.91±0.01, P < 0.005) was consistent with the normal response to increased flow by loop transport processes (23, 24) .
Studies in awake animals were performed to preclude the possibility that ANF increased GFR only in anesthetized animals. As shown in Table II , blood pressure and plasma electrolyte composition were relatively stable. Base-line urinary electrolyte excretion rates were higher than had been obtained in the micropuncture experiments but ANF still caused a stable, 5-7-fold increase in sodium and chloride excretion with a brisk kaliuresis and slight bicarbonaturia. GFR increased by 45%, from 2.04±0.17 to 2.97±0.27 ml/min (P < 0.005), as shown in Fig. 1 . However, the increase in GFR was not accompanied by a rise in renal plasma flow, as estimated by PAH clearance (5.4±0.5-5.6±0.9 ml/min, NS). PAH clearance is an accurate reflection of renal plasma flow, since extraction of PAH is unaltered by ANF The present study is in agreement with those of Atlas and his colleagues (4, (6) (7) (8) in finding that ANF increases renal solute excretion principally by hemodynamic means rather than by direct tubular transport inhibition. The increment in absolute proximal bicarbonate, chloride, and volume reabsorption in response to the increase in SNGFR induced by ANF appeared to be appropriate based on previous observations (Fig. 2).3 The lack of substantial bicarbonaturia also makes the proximal tubule an unlikely site of direct generalized inhibition by ANF. Similarly, the superficial loop of Henle appeared to increase solute reabsorption normally in 3. While a depression in filtration fraction and peritubular protein concentration selectively decreases proximal NaCl reabsorption (18) (19) (20) , it has yet to be demonstrated that a rise in filtration fraction, as observed in these studies, is associated with an increase in proximal NaCl reabsorption under normal free-flow conditions.
Renal Action ofAtrial Natriuretic Factor In addition to the rise in GFR induced by ANF, redistribution of intrarenal blood flow may also contribute to the observed natriuresis and chloriuresis (10) . This possibility is not rigorously excluded in the present studies, although the increase in superficial SNGFR was proportional to the increase in whole kidney GFR (Table I and Fig. 1) .
The increase in GFR might be mediated by a substantial alteration in the hydraulic permeability-filtration area coefficient (Kf), if filtration disequilibrium is obtained. Alternatively, if there were filtration equilibrium, then a rise in net transmembrane hydraulic filtration pressure occurred, mediated by afferent arteriolar vasodilation and efferent vasoconstriction. The changes in afferent and efferent resistances must have been reciprocal, since systemic blood pressure and renal plasma flow (as reflected by PAH clearance), and hence total renal vascular resistance, were unchanged, as has been found by others (8) . The impressive increase in filtration fraction that resulted, from 0.35 to 0.50, is unprecedented when compared with other vasoactive substances (29) . Thus, these results suggest either that Kf increased substantially or, more likely (given the relatively high filtration fraction in the control period), that glomerular capillary hydraulic pressure increased to .64 mmHg from a control value of 45 mmHg.4 Direct measurement of intraglomerular pressures will be needed to confirm these predictions.
In conclusion, atrial natriuretic factor markedly increases GFR in euvolemic rats without a demonstrable direct inhibition of proximal or loop transport in superficial nephrons. The supernormal GFR appears to account for the rise in urinary solute excretion, although a change in relative blood flow distribution to or in transport by deep nephron segments cannot be excluded as contributing to the natriuresis and chloriuresis.
